Abstract. In this paper, carbon spheres with active groups on the surface were prepared by hydrothermal method. And porous Na 2 Ti 3 O 7 material was prepared by sol-gel method with the carbon spheres as template. The results of scanning electron microscopy (SEM) showed the porous structure and the pore size ranged from hundreds of nanometers to 2 micron. XRD test results showed that pure phase materials were synthesized and the grain size was 47.6 nm. The results of electrochemical performance test showed the good rate performance of this material. The charge capacity of the material were 64.4 mAhg -1 and 50.4 mAhg -1 at 5C and 10C after 150 cycles, and the capacity retention rates were 62.5% and 66.3%, respectively.
Introduction
The development of electrochemical energy storage has expanded the application of lithium-ion batteries, but the large-scale use of lithium-ion power batteries has led to the shortage of lithium resources and rise of price, therefore, it is necessary to find alternative electrochemical energy storage technologies. Sodium-ion batteries use electrode materials containing cheap element sodium. The process of Na + insertion and release is similar to that of Li + . E 0 (Na + /Na) is 0.3 V higher than E 0 (Li + /Li) and these characteristics make sodium-ion batteries competitive in the field of energy storage.
Usually, hard carbon materials are used as negative electrodes for sodium-ion batteries, but these materials have low coulombic efficiency in the first week and poor cycling performance. Titanium-based anode materials reported in recent years, such as P2-Na 0.66 [Li 0.22 Ti 0.78 ]O 2 [1] , NASICON-structured NaTi 2 (PO4) 3 [2] , Na 2 Ti 3 O 7 [3] , anatase TiO 2 [4] showed excellent sodium storage properties. Among them, Na 2 Ti 3 O 7 has the advantages of layered structure, quasi-3D Na + channel, sodium storage potential is about 0.3 V (vs.Na/Na + ), theoretical capacity close to 180 mAhg -1 . However, the structural distortion caused by Na + deintercalation leads to a faste capacity decay. Wang et al [5] synthesized Na 2 Ti 3 O 7 with a micro-rod-like structure, the structure distortion was effectively alleviated and the cycling performance was improved. In this paper, porous Na 2 Ti 3 O 7 particles were prepared by template method. This structure enlarged the contact area between the active material and the electrolyte, shortened the Na + migration path, and improved the cyclic performance and the rate performance of this material obviously.
Experiment Preparation of Carbon Sphere Template
A 0.4 mol/L glucose solution mixed with acrylic acid was placed in a polytetrafluoroethylene (PTFE) autoclave, and then transferred to a constant temperature drying chamber at 180 ℃ for 20 hours. The brown cloudy liquid was centrifugated/washed for 3 times at high speed, and the final precipitate was dried at 60 ℃ for 4h. The carbon spheres prepared by this method with hydroxyl and carboxyl functional groups on the surface were used as template for synthesizing final materials.
Preparation of Electrode Materials
A certain amount of Na 2 CO 3 was dissolved in the mixture of anhydrous alcohol and deionized water to prepare solution A. A certain amount of four butyl titanate was dissolved in anhydrous ethanol and the carbon spheres were added to make B solution. The molecular weight ratio of Na 2 CO 3 in solution A and four butyl titanate in solution B is 1.1:3. Liquid A was added to liquid B dropwise and stirred continuously. The mixture was fully hydrolyzed and placed in a vacuum drying box at 150 ℃ until the liquid evaporates completely. The obtained powder was calcined at 900 ℃ for 20h in muffle furnace and the final sample was obtained, named P-NTO.
Battery Assembly
Electrode active materials (P-NTO), conductive carbon black (Super P), binder (PVDF) were stirred and blended in the milling bowl at a mass ratio of 7:2:1, solvent N-methylpyrrolidone (NMP) was added to make the material into uniform slurry, which was evenly coated on the copper foil collector with a thickness of 100 microns. Then place it in a drying oven at 80 ℃ drying for at least 12h, and finally cut into a circular wafer with a diameter of 1 cm. CR2032 button cells were assembled in argon glove box (H 2 O<0.1ppm, O 2 <0.1ppm) with 1 mol/L NaFP6/EC+DEC solutions as electrolyte (EC:DEC=1:1, ratio in volume), glass fiber as separator and sodium metal as negative electrode.
Results and Discussion

Morphology and Functional Group Characterization
The scanning electron microscope (SEM) of carbon spheres prepared by hydrothermal method was shown in Fig 1.(a) . The carbon spheres are basically dispersed, with sphere diameters ranging from a few hundred nanometers to 2 μm. The infrared spectrum of carbon spheres was shown in Fig 1.  (b) . From the location of the absorption peak, it is known that the carbon sphere is rich in hydroxyl groups (OH -) and carboxyl groups (COO -) [6, 7] . Absorption peaks at 1300 cm -1 and absorption peaks at 1700 cm-1 relate to hydroxyl and carboxyl groups, respectively. The P-NTO material is broken and the particle size is between 5~10 μm after calcination. When a particle was enlarged locally, it can be seen that a large number of holes on the surface of the particle, and the diameter of the holes between several hundred nanometers and 2 μm. This porous structure enlarges the contact area between the active material and the electrolyte, shortens the migration distance of Na + in the interior of the active material which facilitates the electrochemical reaction, especially beneficial to improving the rate performance of the material. 
Structural Characterization
XRD structural characterization showed that the peaks of P-NTO samples corresponded to that of the standard spectra one by one, and the pure phase Na2Ti3O7 product obtained. The cell parameters of the sample are a=9.0114 Å, b=3.7864 Å c=8.4749 Å, α=90°，β=103.67°，γ=90° with an average grain size of 47.6 nm. 
Electrochemical Performance Test
Charge and discharge curves in the voltage range of 2.5-0.01V (vs.Na/Na + ) of P-NTO materials for the first and 50th weeks at 0.1C (17.8mA) are shown in Fig 4.(a) . The first discharge/charge specific capacity is 407/178mAhg -1 with a coulombic efficiency of 44%. After 50 weeks, the charge/discharge capacity is 81.3/83.8 mAhg -1 , with the coulombic efficiency close to 100%. The lower first week coulombic efficiency is due to the decomposition of electrolyte during the first discharge. The coulombic efficiencies have been improved continuously after the continuous cycles, with increased close to 100% by the 15th week, meanwhile the charge capacity retention rate is 46% by the 15th week, shown as Fig 4.(b) . When charged and discharged at large ratios of 5C and 10C, the first cycle charge/discharge capacities were 103/206 mAhg -1 and 76/154.5 mAhg -1 , and the coulombic efficiency were 50% and 49.2%, respectively. Continue to cycle after 100 weeks, the charge/discharge capacities were 64.4/65.2 mAhg -1 and 50.4/50.4 mAhg -1 , and the charge capacity retention rates were 62.5% and 66.3%, respectively. And the coulombic efficiency were close to 100% after 10 weeks cycling (Fig 4.(c), Fig 4.(d) ). It can be seen that P-NTO materials maintain good cycling performance at rate of 5C and 10C compared to 0.1C. 
Summary
Porous structure can obviously improve the rate performance of Na 2 Ti 3 O 7 anode material. The material exhibits excellent capacity retention and coulomb efficiency at high rates of 5C and 10C. After 150 weeks of cycling, the charge capacity retention rate reached to 62.5% and 66.3% respectively, but the coulomb efficiency approaches 100% after 10 weeks of cycling.
